Preface and Acknowledgements
The analysis of fish bones from archaeological sites is a highly specialised and painstaking task, requiring an abundance of the time that is so rarely available in either academic or commercial archaeology. Moreover, study of fish remains has seldom been at the top of archaeological research priorities. Nevertheless, over the last 40 years a few specialists across Europe have dedicated themselves to work of this kind, and thus to discovering the outlines of medieval fishing history around the North Atlantic, and the Irish, North and Baltic seas. Although mutually informed in terms of methodology, this fundamental research has often been carried out in the framework of national institutions and agendas. Concurrently, historians have independently striven to systematise and analyse complex corpora of textual evidence regarding medieval fishing and fish trade. Once again this work has sometimes occurred within national or regional schools of research. The results of these zooarchaeological and historical efforts have often proven surprising and important, revealing remarkable evidence of continuity and change. Archaeologists of medieval coastal settlements have also contributed much to our understanding of the relationship between people and the sea.
The present volume is an effort to enhance the value of this past work by crossing boundaries -between regions and between disciplines. It also emerges from a time when traditional zooarchaeology (the identification, quantification and interpretation of skeletal remains) has increasingly benefited from integration with biomolecular approaches, such as stable isotope analysis and the study of ancient DNA. These latter methods are not the main focus of the book -they are changing far too quickly for this to have been helpful. Nevertheless, they inform many of its chapters and Gundula Müldner has taken up the challenge of surveying the extant stable isotope evidence regarding human skeletal remains from medieval Britain.
Even in the fields of zooarchaeology and history it is recognised, even hoped, that this volume will quickly become outdated. It is our aspiration that the collaborative process of consolidating what is known and unknown may already have accelerated the pace of current research on medieval sea fishing.
The idea behind the book emerged from an interdisciplinary conference organised by one of us (JHB) in Westray, Orkney, Scotland, in June of 2008. It was several years, however, before the groundwork could be laid -including finishing the analysis of major collections and the synthesis of decades of fish-bone and historical research. The initial practicalities were skilfully managed by Cluny Johnstone, then a postdoctoral research fellow on the 'Medieval Origins of Commercial Sea Fishing' project funded by the Leverhulme Trust. After a period of maternity leave Cluny decided to be a full-time parent and editing became our responsibility. DCO began the process while a postdoctoral research fellow on the Leverhulme Trust project 'Ancient DNA, Cod and the Origins of Commercial Trade in Medieval Europe'. JHB was then able to see it through to completion. This book is also based upon work from the COST Action Oceans Past Platform, supported by COST (European Cooperation in Science and Technology).
We are grateful to Julie Gardiner of Oxbow Books for her helpfulness and patience during the book's long gestation. Jennifer Harland (also a postdoctoral research fellow on the 'Medieval Origins of Commercial Sea Fishing' project) and Christine Harcus assisted with the original conference in Orkney, which was funded by the Leverhulme Trust, the McDonald Institute for Archaeological Research and the History of Marine Animal Populations project (supported by the Alfred P. Sloan Foundation). Many thanks are owed to Suzanne Needs-Howarth, who copy-edited the volume and helped compile Appendix 1.1, and to the McDonald Institute ix for Archaeological Research, which contributed to the cost of her work. Dora Kemp also kindly assisted with copy-editing. The cover was designed by Katie Gabriel Allen using a woodcut image from Historia de Gentibus Septentrionalibus by Olaus Magnus (used by permission of University of Glasgow Library, Special Collections) and a photograph of medieval fish bones from York taken by JHB. Other image credits are given in the figure captions, and each chapter includes its own acknowledgements section when appropriate. Most importantly, we thank the contributors to this volume for the many years of careful research that their chapters represent.
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This book explores the changing human use of marine fish, mainly from ad 500 to 1550, around the North Atlantic Ocean and the Irish, North and Baltic seas. It does so by combining historical research with the study of fish bones from archaeological sites and, to a lesser degree, investigating the archaeology of fishing settlements and the chemistry of human bone. Its coverage is not comprehensive, but an effort has been made to gather and interpret sufficient evidence to frame working hypotheses regarding the chronology, causes and consequences of sea fishing in Europe's northern waters. Much of this evidence has never been brought together before, or in some cases even been published. Moreover, the combination of historical and archaeological evidence makes it possible to follow long-term trends in sea fishing that cross the source-based divide between a late and post-medieval Europe populated by fishers and fish merchants and an earlier world where they are difficult to perceive and even harder to understand.
In so doing, the book attempts to answer, in a preliminary way, a variety of questions that are important to economic, demographic, social and environmental archaeology and history. Was the growth of early medieval sea fishing a correlate of state formation and urbanisation? Were sea fisheries developed in response to social drivers, such as Christian fasting practices, elite demand and/or the cultural foodways of migrant communities? Was there an unprecedented sea-fishing revolution at the turn of the first to second millennia ad? Did sea fishing expand as a result of human impacts on freshwater ecosystems? Could marine fisheries of the High Middle Ages have overfished formerly superabundant species, such as cod (Gadus morhua) and herring (Clupea harengus)? When did the long-range trade of high-bulk and low-value staples, such as salted herring and dried cod, really begin? When did such trade expand to a pan-European scale? To what degree did demand for sea fish influence the increasingly 'global' destinations of late-medieval mariners? In addressing these questions, the chapters in this book confirm some existing wisdom and provide new, sometimes counterintuitive, insights.
The available evidence is often preliminary in nature. A key limitation is that inter-regional comparison must remain qualitative in most cases. The comparability of much basic data is low. Exceptions exist where standard measures are possible. These range from historically based series of prices for dried cod and salted herring (Chapter 5) to stable isotope studies of cod bones (to infer local versus non-local catches) (see below) and human skeletal remains (to infer the contribution of marine protein to diet) (Chapter 20). Even in these instances there are source-critical issues (e.g. Hedges 2004; Hutchinson et al. 2015; Rigby 2005, xxxviii) . Comparing zooarchaeological evidence, however, has always proven a very major challenge. The fundamental parameters of a bone assemblage -such as the species, sizes and anatomical parts of fish represented -are known to be influenced by preservation conditions, recovery methods and inter-analyst differences in recording protocols. It is difficult to control for all of these factors, and in some instances (such as the synthesis of old zooarchaeological reports) none of these variables may be within our power. Nevertheless, much can be gleaned even from the most fundamental data. To provide just one example, if herring bones are first found in inland Poland at elite centres of the tenth and eleventh centuries, it is reasonable to infer the possibility of some connection between Polish state formation and long-range fish trade (Chapter 12). Despite the imperfections of zooarchaeological evidence, fish bones are often our main (and sometimes our only) window on medieval sea fishing and fish trade.
Zooarchaeological and related methods merit a few additional words of explanation. Many fish can be identified to species based on the shape and surface features of some or most of their bones when examined by an experienced researcher using an appropriate reference collection. Some taxa, however, are extremely difficult to distinguish based on visual examination of their skeletal remains. An important example is flatfish of the family Pleuronectidae (Wouters et al. 2007) . In particular, the common taxa plaice (Pleuronectes platessa) and flounder (Platichthys flesus) are extremely difficult to tell apart with certainty. Many past and present zooarchaeologists (including the present author) have thus often employed a combined category, such as plaice/flounder or plaice/flounder/dab (the latter being Limanda limanda). This is an important issue during interpretation because flounder can occupy both freshwater and marine environments, whereas plaice and dab are only found in salt water (Whitehead et al. 1986a (Whitehead et al. , 1302 . Similar combined groups are sometimes also used in other cases. Biomolecular methods based on proteins (e.g. Richter et al. 2011) and DNA (e.g. Ewonus et al. 2011) can provide definitive identifications, but these are not yet routinely applied on a large scale.
Turning to another fundamental methodological issue, there are five main approaches to identifying fish trade based on bones (Barrett 1997; Barrett et al. 2008; Dufour et al. 2007; Enghoff 1996; Hutchinson et al. 2015; Lõugas 2001; Perdikaris 1999 ). The first is biogeography, based on the movement of a species outside its natural range. The second is butchery patterning: the absence of some bones indicating processing elsewhere -typically head bones for gadids and hyoid, gill and appendicular elements for herring. These anatomical patterns may also be associated with distinctive cut marks. The third is fish-length estimates, which can imply specialisation in products of a particular size and/or suggest the import of fish that exceed the maximum size of a local fish population (when large cod are found in the eastern Baltic, for example). The fourth is stable isotope analysis, which can be used to identify fish that were likely caught in different aquatic ecosystems. The fifth is ancient DNA analysis, which can attribute specimens to different geographically constrained populations.
Ancient DNA is likely to have an increasing role in the future, but its application to the study of ancient fish trade remains is currently limited (e.g. Hutchinson et al. 2015) . Conversely, the first four of the above-mentioned methods are used frequently in this book. Biogeography, anatomical patterning and fish-length estimates are sufficiently selfexplanatory that further discussion can await individual chapters. Stable isotope provenancing of fish bone is a more developing technique. At present the most extensive work has involved cod (Barrett et al. 2008; Orton et al. 2011; Hutchinson et al. 2015) , and this research helps to inform several chapters of the book. The basic premise is that the stable carbon (δ 13 C) and nitrogen (δ 15 N) isotope signatures of protein preserved in cod bones are determined by environmental parameters during the lifetime of the fish. These basic parameters vary by region. Examples include temperature, salinity, nutrient loading and food-web complexity. However, modern isotope values in aquatic ecosystems have been altered by such factors as pollution. Thus the signatures characteristic of each potential medieval fishing region must be established using data derived from archaeological cod remains. This can be done by using cranial bones as control samples to infer regional isotope signatures for different potential sources of traded codfrom the eastern Baltic to Iceland. This approach works because most (although not all) preserved cod products of the Middle Ages were decapitated during their preparation for trade by drying and/or salting (see below); skull bones therefore usually represent relatively local catches. One then compares the stable isotope values of archaeological vertebrae and appendicular elements (which typically remained in dried cod products) to these control data to see whether or not they match local values. When local values are not matched, implying the likelihood of imported cod, one can also make probability-based estimates regarding which potential source the fish may have derived from. This second step is more speculative, partly because there are not yet control data from every likely source and partly because there is some overlap in the isotope values of different regions.
The stable isotope method is continuously being refined as more control data (and additional isotopes, such as sulphur) are added (Hutchinson et al. 2015; Nehlich et al. 2013) . Figure 1 .1 provides an illustration of the control data published by Hutchinson et al. (2015) , showing some of the strengths and limitations of the technique. Cod from some waters (e.g. the eastern Baltic Sea, or the Irish Sea and southern portions of the North Sea) have distinctive δ 13 C and δ 15 N signatures. Others (e.g. those from the waters of Iceland, northern Scotland and western Ireland) share similar values with neighbouring locations over extensive stretches of ocean. Nevertheless, this research has made important, if sometimes tentative, discoveries regarding trends in the chronology and geography of the medieval cod trade and/ or long-range fisheries that will be cited where pertinent in the chapters to follow.
Other archaeological methods, such as dating the development of coastal fishing settlements, are often more straightforward. They can, however, be subject to their own biases, such as coastal erosion and submergence (Tys 2015, 131; Chapter 14) . Historical methods are equally complex, given the wide range of source materials of wildly divergent detail and historicity. It is only in the fourteenth century, for example, that quantitative timeseries exist for fish trade in northern Europe (Nedkvitne 2014) . Even at this late date, the relevant customs accounts exist for only a few regions (particularly England and Germany), and these are highly variable in their level of detail, preservation and representativeness (e.g. Burkhardt 1. Studying Medieval Sea Fishing and Fish Trade: How and Why 2013) . Earlier textual sources are either one-offs (e.g. the Domesday Book), anecdotal (e.g. narrative sources, the most famous being the Icelandic sagas), or both. Not all regions are equally well documented in all periods. It is unrealistic to survey here the merits and weaknesses of all the relevant text-based evidence and of the skills that must be brought to their interpretation. For present purposes it is enough to know that the evidence base for our subject -archaeological and historical -is diverse, complex, unevenly distributed through time and generally low in both precision and accuracy.
Although this book is about sea fishing, it is instructive to understand contemporary developments in the exploitation of freshwater and migratory species to interpret trends in the use of marine fish (cf. Hoffmann 1996; 2002) . Thus some chapters range widely in terms of taxonomy (see Appendix 1.1 for a list of common and scientific names of all the taxa mentioned). Of the fully marine fish, cod and herring arguably were of greatest socio-economic importance in medieval Europe (Sicking and Abreu-Ferreira 2009; ). This is not to suggest that other marine taxa were insignificant. Flatfish such as plaice, for example, clearly played an important role for many around the coast of the southern North Sea (Chapters 13-14) . One might also note the relevance of hake (Merluccius merluccius) fishing along the Atlantic coast of Ireland (Chapter 9; Chapter 19). These are just two of many examples. Catadromous and anadromous species, such as eel (e.g. Chapter 15) and salmon (e.g. Chapter 19), also played very important roles in specific times and places. Yet fisheries for cod and herring were of especially widespread, albeit fluctuating, importance -in part due to their extensive natural distributions, high abundance and suitability for preservation (see below). However, cultural traditions also played a role in the popularity of these species, the consumption of which spread with migrants and merchants (Barrett et al. 2001; Orton et al. 2011; Chapters 11-12) .
The word cod, as used in this book, refers specifically to Gadus morhua (Figure 1.2) . More holistically, taxa of the cod family (Gadidae) are often considered together under the term gadids. The gadid taxa whiting (Merlangius merlangus), haddock (Melanogrammus aeglefinus), saithe (Pollachius virens) and ling (Molva molva) (the latter of which is attributed to the separate family Lotidae in some taxonomic schemes) were important targets of medieval fishers, as bycatches or as fisheries in their own right. Cod was among the most widely distributed and abundant members of the group, although it is now listed as vulnerable by the International Union for Conservation of Nature (Froese and Pauly 2015; IUCN 2015; Whitehead et al. 1986b, 686-7) . The species can be found from the shoreline to depths of 600 m, with juveniles preferring shallow sublittoral environments and large, adult fish preferring deeper, colder waters. Its maximum total length varies by region, but can reach 2 m. Although shore-based fishing for small cod is known (e.g. Cerón-Carrasco 2011, 60; Enghoff 2011) , in the Middle Ages large cod were usually caught from boats using hand lines with a single weight and hook (e.g. Chapter 6). Possible experimentation aside, long lines (fixed to the bottom and fitted with multiple hooks) and deep-water nets targeting gadids were post-medieval innovations, with the chronology of introduction varying by region ).
The flesh of cod and related gadids is low in fat and can thus be air dried without salt at high latitudes -in northern Norway and Iceland, for example, where the temperature remains sufficiently low during the fishing season (Cutting 1955, 173-4) . In other contexts, such as the northern islands of Scotland, it can be air dried if protected from precipitation (Harland and Barrett 2012, 127) . More typically, cod were both dried and salted at lower latitudes when not sold fresh (e.g. Bennema and Rijnsdorp 2015; Cutting 1955, 157-82; Kowaleski 2003, 226) . Gadid fish dried without salt are known as stockfish, regardless of how exactly they were butchered prior to preservation. Cod that were both dried and salted did not have a consistent name in the Middle Ages, although the post-medieval Norwegian term klippfisk (English: klipfish) can be employed for convenience (Barrett 1997, 619-20) . Most varieties of stockfish and 'klipfish' were decapitated, but exactly which bones were or were not removed during processing varied based on local convention, the intended market and/or the size of the fish (cf. Barrett 1997, 619; Bennema and Rijnsdorp 2015) . Six grades of stockfish, based on size and quality, were recognised in fourteenth-century England (Nedkvitne 2014, 500) . In terms of what is archaeologically recognisable, however, the most important distinction is between what Norwegians call rundfisk (in which only the head was removed) and råskjaer (in which both the head and anterior vertebrae were removed, creating a product that was partly split) (Chapter 18; see Figure 1 .3). The 'shelf life' of dried cod could be very long. One estimate is five to seven years and a late fourteenthcentury household management book even suggests that stockfish could keep for 10 to 12 years (Brereton and Ferrier 1981, 237; Wubs-Mrozewicz 2009, 188) .
Herring are a small pelagic fish, reaching a maximum total length of c. 0.4 m. They have a wide distribution ( Figure 1 .4) and occur in dense shoals that rise to shallow water at night, bringing them within reach of pre-modern fishing methods. Most herring have seasonal spawning migrations into coastal waters, with the month and location differing by population (Froese and Pauly 2015; Whitehead et al. 1989, 273) . They were thus both accessible to medieval Barrett et al. 1999, 618 1. Studying Medieval Sea Fishing and Fish Trade: How and Why fishermen and conveniently staggered in the timing of their peak abundance from place to place. However, the local distributions of herring can change rapidly depending on ecological conditions. These fluctuations are more typical of some regions than others. For example, only isolated periods of large-scale herring abundance occurred along the Bohuslen (Bohuslän) coast of Sweden, whereas the Scanian fishery of the Middle Ages experienced only occasional poor years in a pattern of otherwise consistent availability (Chapter 2). In this book the word herring refers to Clupea harengus. The related species sprat (Sprattus sprattus) was also targeted by some medieval fisheries (e.g. Bailey 1992, 16) , and bones of the two are occasionally identified together as members of the family Clupeidae. Other clupeids, such as pilchard (also known as sardine, Sardina pilchardus) and shads (Alosa sp.), were regionally important at certain times (Kowaleski 2014, 47; Chapters 11-12 ), but do not play a major role in the research presented in this book.
Herring can be caught near the shore using pound or seine nets, especially in constricted waters, such as fjords (Starkey and Nielssen 2009, 39; Chapter 2) . Gill nets set from boats in open water were also widely employed in medieval fisheries for this species, despite ambiguity regarding the date of their first introduction (cf. Chapter 2; Chapter 3). Barrelled herring that had been gutted and pickled in brine are one of the iconic trade goods of the Middle Ages, keeping up to two years (Jahnke 2009, 159) . This cure was first produced in the Baltic Sea region, certainly by the twelfth-thirteenth centuries for catches off the island of Rügen (Chapter 2), but perhaps even earlier farther east based on Polish evidence from Truso and Kołobrzeg-Budzistowo (Chapter 12). Preservation of gutted herring in barrels was only adopted around the North Sea in the late fourteenth and fifteenth centuries (Childs and Kowaleski 2000, 22; Rorke 2005; Unger 1978, 344) , and its chronology in the Irish Sea is uncertain (Chapter 19). At other times and places, herring were preserved by various combinations of salting, drying and smoking. The resulting products could be the focus of surprisingly long-range trade. In the thirteenth and fourteenth centuries, for example, large quantities of smoked ('red') and salted ('white') herring from Yarmouth in eastern England were shipped to Gascony in exchange for wine (Kowaleski 2003, 186-7; Littler 1979, 203, 224-5) . Chapter 3 describes a uniquely detailed account of herring curing on the manor of Wardley, near Newcastle, between ad 1289 and 1291. The herring were salted, hung on rods to dry and then packaged in baskets with straw. Thus the widespread use of herring for both trade and the payment of obligatory renders throughout much of the Middle Ages did not entail the barrelled and brined product that became ubiquitous in late medieval and early modern times.
The widespread distributions of cod and herring led to much local exploitation across medieval Europe. However, the abundance of these species was also concentrated during spawning in certain locations that were favourable for preservation. Thus the winter spawning migration of northeast Arctic cod brought it to the coasts of northern Norway, where conditions were ideal for stockfish production (Chapters 4-5). For herring, spawning migrations in the Baltic Sea coincided with local sources of salt (Chapter 2; Chapter 12). These serendipitous convergences provided opportunities on which fishermen, merchants and those who taxed them could draw as they endeavoured to survive, to prosper and to compete with one another. The result was long-range trade of specialised products.
A final issue meriting introduction is the degree to which the interpretations offered in the different chapters of this book converge or diverge. Differences of chronological interpretation exist among the authors -regarding the introduction of commercial fishing for cod and related gadids in the North Sea, for example (cf. Chapters 3, 14-17, and 21). There are also different points of view regarding whether or not medieval sea fishing expanded partly as a response to human impacts on freshwater ecosystems. These and other disagreements emerge from the use of different source material, differing allowances for the gap between a phenomenon and its first historical documentation and/or differing emphases on specific examples versus general trends. Chapter 21 represents one attempt to reconcile these alternative perspectives, but every interpretation must be seen as tentative in the light of our imperfect evidence base (see above).
The relationship between humans and marine resources was important in the past and remains so in the present ( Changes in the fortunes of the herring and cod trades had major economic, social and political ramifications (Chapter 21). Today, when c. 17% of the world's animal protein supply is provided by fish, and per capita fish consumption is growing (FAO 2014, 66) , cod are already vulnerable to overfishing (IUCN 2015) . Research on the history of fishing and the archaeology of fish bones is thus far from esoteric. Yet there is a need for better temporal and geographical coverage, improved chronological resolution and greater comparability between data -combined with continuing methodological development and a humanist's sense of the contingencies of history. These are achievable objectives. They must also be priorities if we are to understand the past in its own terms, without the back-projection of teleological thinking, and if we are to accurately comprehend how much the Anthropocene differs from conditions of the (not so distant) Middle Ages.
